This study aims to evaluate the type and prevalence of abdominal sonographic abnormalities in children with sickle cell anemia (SCA). Ninety patients were screened by abdominal sonography. The sonographic abnormal findings were 91% in the liver, 62.2% in the spleen, 14.4% in the gallbladder, and 4.4% in the kidneys. Sonographic imaging revealed hepatomegaly in 79 (87.8%) patients. Three patients (3.3%) had hypoechoic liver lesions. One patient had multiple hypoechoic liver lesions that proved to be an abscess. Gallstones were reported in 10 patients, the youngest of whom was 2.5 years old. The overall prevalence of gallstones was 11.1%, and it increased with age. Two patients (2.2%) had thickened gallbladder wall, and only 1 patient (1.1%) had a sludged gallbladder. Autosplenectomy (asplenia) was detected in 43 (47.8%) patients. Seven (7.8%) patients had hypoechoic lesions. Hyperechoic lesions with spleenomegaly were found in 6 (6.6%) patients. Normal renal echogenecity was reported in 86 (95.6%) patients, 3 (3.3%) patients reported focal hyperechoic lesions, and 1 patient (1.1%) reported an anechoic lesion. In conclusion, abdominal sonographic imaging of patients with SCA revealed a high prevalence of abnormalities in the liver, gallbladder, and spleen but a low prevalence in the kidney.
Hepatobiliary complications are a common complication of sickle cell anemia (SCA). Hepatomegaly has been shown in 70.5% to 91% of patients with SCA. 1, 2 Nearly 30% of patients develop cholelithiasis by age 18 years, 3 and 42.9% of patients have been reported to have autosplenec tomy. 4 This study aims to evaluate the type and prevalence of abdominal sonographic abnormalities in patients with SCA in Sudanese children.
Materials and Methods
Ninety patients with homozygous sickle cell anemia ref erred to the sickle cell clinic were recruited from August 2005 to August 2006. Their ages ranged from 6 months to 16 years. All patients included in the study were referred to the sonography department of the Khartoum Pediatrics Hospital and to Ibn Sienaa Hospital and/or Yastabshiron medical center when Doppler was required. Abdominal sonography was performed using a MEDISON system model SA 600 (Medison, Cypress, CA) with a 5MHz convex transducer.
Patients were scanned in the supine position transab dominal approach, and the liver, gallbladder, kidneys, and spleen were scanned thoroughly in all planes through oblique subcostal, midline sagittal, and oblique intercostal sections in suspended deep inspiration when possible. Sonography was performed without sedation in the morn ing to avoid prolonged fasting and dehydration, which could increase viscosity of the blood, giving rise to severe vasoocclusive crisis. Liver size was measured by length at the midclavicular line, which is an easy and practical method for routine use. 5 For children younger than four years old, size was calculated using the following formula: 0.46 × age (years) + 3.8 cm. The findings were recorded on sonography sheets.
Results
The sonographic abnormal findings were 91% in the liver, 62.2% in the spleen, 14.4% in the gallbladder, and 4.4% in the kidneys (Table 1) . Liver enlargement was detected in about 87.8% of patients; 41.2% of them were younger than 5 years old, 25.8% were between 5 and 10 years old, and 32% of patients were more than 10 years old ( Table 2 ). Three patients (3.3%) had hypoechoic liver lesions. One patient had multiple hypoechoic liver lesions that proved to be an abscess. Echogenicity was defined as mildly increased or decreased in a few patients; a liver abscess in 1 patient was confirmed and drained. Gallstones were reported in 10 patients, the youngest of whom was 2.5 years old. The overall prevalence of gallstones was 11.1%, and it increased with age. Two patients (2.2%) had thickened gallbladder wall, and only 1 patient (1.1%) had a sludged gallbladder. Autosplenectomy (asplenia) was detected in 43 (47.8%) patients. Seven (7.8%) patients had hypoechoic lesions. Hyperechoic lesions with spleenomegaly were found in 6 (6.6%) patients. Normal renal echogenecity was reported in 86 (95.6%) patients, 3 (3.3%) patients reported a focal hyperechoic lesion, and 1 patient (1.1%) reported an anechoic lesion.
Discussion
In our study, liver enlargement was detected in about 87.8% of patients; 41.2% of them were younger than 5 years old, 25.8% were between 5 and 10 years old, and 32% of patients were older than age 10 years. This result was higher than what was reported by Papadaki et al. 1 but consistent with the results of Bauer et al. 2 In a New York study in patients with acute hepatic crisis, heptaomegaly was rep orted as 9%. 6 The prevalence of gallstones in patients with sickle cell disease (SCD) varies according to different studies. [7] [8] [9] [10] The selection of different age ranges may explain some differ ences. In the present study, gallstones were reported in 10 patients (Figures 1 and 2 ). The overall prevalence was 11.1%, and it increased steadily with age. Gallstones were present 2.6% in the 0 to 5 years age group, 8.7% in the 5 to 10 years age group, and 24.1% in those older than 10 years (Table 3 ). This result was consistent with a previous study in Sudan. 11 Similar results were reported by BarrettCon nor, 12 who reported a similar prevalence of gallstones with our patients who were older than 10 years of age. The patients were diagnosed with either abdominal Xray or oral cholecystogram. Another similar result of a prevalence Values presented as n (%). (100) 23 (100) 29 (100) 90 (100) Values presented as n (%). of 13% in 226 Jamaican children aged 5 to 13 years diag nosed by sonography was reported by Webb et al. 13 Bond et al. 14 reported a prevalence of gallstones of 58% in 95 patients aged 10 to 65 years from the United Kingdom with homozygous SCA who were examined by sonography. The youngest patient they reported was 8 years old. Sarnaik et al. 15 reported a prevalence of 27% in a group of 226 children aged 2 to 18 years examined by sonography at the Children's Hospital of Michigan and Wayne State University School of Medicine. Although some of these studies used the same diagnostic method as the present study, all have reported higher prevalence than this study. 14, 15 This could be because the other stud ies evaluated older children and adults, 14 and those that studied only children did not include those younger than 2 years of age. 15 In Nigeria, a low prevalence of cholelithiasis of 6% in patients younger than 15 years was reported by Akinyanju and Ladapo. 16 This low prevalence was attributed to the less sensitive diagnostic method of oral cholecystogra phy, but later studies using sonography reported a similar low prevalence of 4.4% in patients younger than age 17 years 17 and 5% in patients younger than age 15 years. 18 It therefore seems likely that gallstones are truly infre quent in young Nigerian patients with homozygous SCD, consistent with the infrequency of all gallstones in that population. 19 In contrast, the prevalence of gallstones in the Sudanese population is high, and its occurrence is common. 20, 21 In a Saudi Arabian study 22 using oral cholecystogra phy, cholelithiasis was observed in only 8% of 62 patients aged 10 to 64 years, the youngest of whom was 17 years old. The lower incidence of cholelithiasis and the milder clinical manifestations in these patients were related to an unusually high level of fetal hemoglobin, which averaged more than 20%.
The youngest child who presented with gallstones in this study was 2.5 years old; however, children ages 2 to 4 years were reported in the literature. The results of the present study show that age is a significant factor in gall stone formation. This trend is also reflected in other studies when patients are categorized into age groups. 13, 14 Sonography revealed two patients (2.2%) with thickened gallbladder wall and only one patient with a sludged gall bladder (1.1%) ( Figure 2 ). Gallbladder with a thick wall and/or sludge was less common in our patients (Table 3) .
Autosplenectomy (asplenia) was detected in 43 (47.8%) of the patients in the current study. The spleen has been reported as not being seen (autosplenectomy) in about 14% of patients at age six months, as well as in 58% and 70% of patients aged two and six years, respectively. 23 Splenic infarction and abscesses were reported in some cases. 24 In this study, sonography revealed 56 (62.2%) patients with abnormal spleens. Asplenia was present in (47.8%), the vast majority of whom were in the older age group ( Table 4 ). The asplenic results are similar to the results reported by other studies. 4,22 Seven (7.8%) patients had hypoechoic lesions (Figure 3) , and six (6.6%) patients had splenomegaly with hyperechogenic parenchyma ( Figure 4 ). Our result was lower than what was reported by another study. 4 In this study, sonography showed normal renal paren chymal echogenicity in 95.6% of patients. Only four chil dren presented with diseased kidneys, one (1.1%) presented with a focal anechoic lesion ( Figure 5 ), two (2.2%) pre sented with hyperechoic kidneys, and one (1.1%) with a loss of corticomedallary differentiation died later of chronic renal failure (Table 5 ). This finding is consistent with another study 25 but reported lower results than oth ers. 4, 26 The last patient had a mixed lesion. An intravenous pyelogram (IVP) was performed on him, and excretory pyelography showed a small, round collection of contrast material in an area of the missing papillary tip, and IVP confirmed the diagnosis of papillary necrosis ( Figure 6 ). Ureteric dilatation or obstructive nephropathy due to sloughed papillae was not detected.
Conclusion
Abdominal sonographic imaging of patients with SCA revealed a high prevalence of abnormalities in the liver, gallbladder, and spleen but a low prevalence in the kid ney. Although a small number of patients were included in this study, the results are helpful in establishing abnor malities that may occur in abdominal organs of patients with SCA. Additional studies with a larger number of patients with SCA are recommended to confirm the results of this study.
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